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jl^^) tifig-g- -g- ° S V J1^^4, MBSCMost Significant Bit)-f irst ^ <£ZLE]^o.5. 

^ ^o^a]- 7 i^ §^ ^ M-^^j S^l- ^ 

% Vrg o^A]. 7 l^ 71^^^ ^Eflofl c^a^V ^qtc <go. f 0 ^e| D | o ^^o^ £ 

l-Sl-*>7l ^71 nfl-g^ *£EL 3.7} m <H1 tfl^H 3}-^ * -R-<3^ 7>*M ^ ^ 
* ^Utt *}-E.$jH5L ^ 9X7} nfl-^ofl ^nj-H ^^7l7lSf ^ 7} ^.g- 

-S-^Kr -S-8-1- Si ^5)- Al^Efl ^ofl Dfl-f -]o^ i^o] ^olcf. 



£ 3 

-H-tHi-El, ^<^^7l , M-^, *>JEL3H, W>oluis] SJ-^V ^cfl^-ol:^ 

MBS-first ^ ^JL^^ 
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-fj-^- ^= GF(2m)^ ^>#^^7l {Arithmetic unit over finite field G F (2m)} 



£ Wr^tr ^HH ttr€- MSB(Most Significant Bit)-first ^ <£ll?]^, 



S- 6£r ^"71 S. 1^ SR-l-^-^ S]^5L, 



1 : SHI 5.^-¥- 2 : 
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<n> -fj-tb€^ GF(2 m nMH<2l ^c^aV7H1 7 A^^ ^oMl*>7fl^ aH L l2] ^- 

# s|tfl^-<^ ^Jis}^ yf^-i- ^ MSB(Most Significant Bit)-first # 

<12> ^sfloj ^ ^ <?§^7l^r ^ 1995-22327^^1 ^*1 £ ^o) ^ ^ uj-^fl <3 

^r-g- ^l^^lS.^ ^7>£l^ cfloT^l- ^^71 ^ll,2efl^^E^; 4>7l ^231*1^^ #?3 

feBl^ ^^71^] 4^1 *H ^ *j q-^* ^W-r ^JI ^7) ^4 

<H^1Jl-I- ^]^>^- s] JE. ^ eH;e 7>^*1 AlHH efl^liEi^; #7] ^e}^ 

A o V 7l ^El^ ^<L>7l^ #^34 #7l 711 °1 #Sj a o > 7 ] ^l^E]#HflA-lol ^Aj^H 
^El#^l5Rr ^12^E|1-5J1^1- ^Afl ^ q-^fl X1^51S.7> ^^Cf. 

<13> £ 1 ^ i£ 2°11 S.X\& ^JlEl^ ^ ^ ^ ^TT^)* 3^ ^JAS ^l^-^l o^ 7 |^ -g. 

>gnK§- <^ ^ S HL^r M-^^* ^2:^. aIa!^ , £ & 7fl ^ 
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<w> n}eM, ■& ^7] n^}7) s$tft*\ s.^^ 

711 21 *>=^1<H» °l-§-*H -frSb^S. GF(2"")^Hl^i^ ^ ^ M-^c^ S^-l- 

<15> M. a o v 7 ] <y^v £-*fl^ #<£sH °J:#tb 3 ^-^i, £ t^s^ £ 151 

RS-«, SR-l^t, UV-1-^-21 47fl ^J3JL3. ol^ol^o.^ GF(2<n)^-Sl ^ ^ 2- 

<16> ol§> ( ^Vrgo} yf^-^lfV ^Al^S.^ ^J=L^ JEigolj S^Tl^H ^Ml*l ^^W. 

<i7> 5. l4r ■& u>sj-^*v *UHH ^ 9>Jiel^^Ji, £ 2^ ^ 

*1 ^AHHl rcf^- uj-^ ^JIB^O.^, zj-zl-o] Oj-JLeJ^g- ^^*V ^ ol^ z^-zl-o] ^7) 
31 M-7C^7l# ^7ll*>ol ZL £^*V ^4 ^^IH^l ^-R-7V 7^}^ A>^^- olx^ 

o^o.^ ^- o] ^ 7 fl2l ^QJ*! <5}JE$lM# ol^>ol GF(2Di)^- 

o] ^ ^ u^fl 2.^# ^« ^ 7l^# 7>^1 ^^^71^ ^Ojcf. 

<18> £ 3^ a. o. ^UHH t^-g. §^ ^ M-TT^j* ^*Hr <&#7)2\ 

£3 ?1B1- 3.3^(1), RS-l-^-¥-(2), SR-l-^(3), UV-1;^(4)S. ^s|<H SU-^ 
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SHf sL^(l), RS-l-^(2), SR-M"¥-(3), UV-«-^-(4)^r ^>7) £ 4 ifl^l E 7°1M # 
4*1 ^^W. 

<i9> £ 4 ^ a o v 7] E ls1 jUj-Sf-U)*! vfl^- <a^& Ro^, state7> NOT 

Gate* ^f-Sfl #7l °g^^r Rq^ ^-o] AND Gate^ #3&1# #^*>Jl <y=N& stated, 
z-flag7> «y^E^l- ^-*fl #7l <y^& stated- AND Gate^ #^^2# #^^><^ #7l #^ 
&14 ^ OR Gate^l <a3=|<H state* fc^r °g ^ z-flag&^r, stateSM 

AND Gate* -g-*fl c-flag^ #^3b8r ^S.^; <a^& Rq, V 0 7> AND Gat el- 

3# D J"ti U 0 ^- &n X0R Gate^ <y^&°l s\o] Ctrl 2* 3]S.^; <^a^ 

Ro^, state7> <?]^Ei -f-Sfl #7l <g^# Rq^ ^-Tfl AND Gate^S*- -f-Sfl 

Ctrl 3-1- S]5.S. ^Hl- S3 i s]5.ol4. 

<20> # 7 ] ^Ef ^ rs-«^-(2), SR-WH3), UV-t^UH ^ _9.tr ^H^ls* $ 

<2l> £ 5^ #71 £ 1^ RS-*^(2)^ #71 £ 4*11 JEAj<£ 3.2)^(1) s\3,°\}*\ 

Ctrll, Crrl3^ RS-*^- s\S.5L2] s-o^} r 0 » #3^}. #7] RS- 

*-3-°] ^jjL 5] 5.1- #3^^.^ <ge|& ri ^r XOR Gate^ SJ^&^r, MUX feel^S^ <g^#o_.g. 

si jl #71 mux^ <y^& n, ctri3, Si7> <^&°1 t^sM: ^#*Kn. <>i t±x\ 

Si £U AND Gate <g3#o.s h^jt # 7 ] AND Gate $3.^ 

o^mi); 0 } 3<H Ctrl IS] <a^&*r %^1 AND Gate°fl #^7> #^3bg- ^*tf. 
°1^7ll #71 o^^^ r ^ ^ XQR _ Qate ^ oi^^o] $0} ro ^. ^ 
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<22> ^- 7 i rI! |. s - i-bit 2fl*H^«- M-Ej-vflui ^71 MUX^ 2-input M-^^Ji 

^ St> Ro 3.3^(1)3. #^Rr 

< 23 > £. 6 ^ -8-71 £ 1^ SR-l-^^(2)^ MUXfc3 1, state, mult/div7> 

t^Shi: ^^Kn °]^7ll ^€ #^&£r cntl MUX^ <y<3&o.3 ^7} MUX^ #^ 
c-flag, b m - 2 /sri^ ^-^1 SJ^sH b m -i/sr 0 l- cnt2 MUX^£]3.2] 

^£4. ^7)S>\- 3S-§-*bg- *H-*Rr SR-i-^(3) 3)^*1 3H4. 

<24> zl^jt bj/sri^ 1-bit ^H^-I- u(-Efvflji Jiocj MUX^r 2-input multiplexer* M-e^ji 
01 o.^ c^ 7 )^ <£*V 7 )7} ^^<a^ ^*Rr state ^ 1^1 ^1 ufl^-ofl efl^^ 

^ ^o] 42}^ ol-g^t}. cgA> 7 | 7 i. q.-^ <£a>.o_ ^t}^ state & 

ofl ^ 31*1^^ ^ol 3]^ hLtt ^SLS. ^^*Vcf. 

<25> E 7 ^ a o i. 7 i £ 12^ UV -^«.(4)o 1 j= 7 flo) ^ Gate sj^ofl 01^^^ 01^^^ 

MUX4^ gl, g m -i, mult/div^l M-^r #^4, Ctrl2, p m -i/u 0 , mult/div 

7} MUX<>11 <y^£H *fl 1 AND Gate^ <g^3M slJl, 2 AND Gate^l SJ^Ste 

Ctrll, bi/z-flag, mult/div7> MUX2<^] <^£H &*r, a m -i/ Vl 7> <^5H #^*Vcf. 

<26> > j= 7 flcq xOR Gate ^ 1 X0R Gate^ ^7} z\] l AND Gate^ 01 a ^o] z\ 

Jl *)1 2 XOR Gate^r p^/ui^r, ^1 2 AND Gate^ <^^o] £]<^ 

-2- °1 ^Tfl #^&-gr -S-71 *11 1 AND Gate^ Qo] ^] 1 X 0R Gate^l s\ 

^ P m -i/uo^ *3&-8: #3^4. 
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<27> A oM P m -i/uofe 4*1 MUX5S1 °g^^o] MUX5^1 ^Ste <8^# Ctrl3, 07> MUX3°fl #<H 

7> ^"71 P^/uo a 0 /v 0 7l- «a^il<H ^^W. SE# a 0 

/v 0 °fl «a^=]<H a 0 /vo» #^*>i MlM *fl °d^i=r. 

<2 8> >S-7l pj/srj ^ ai/vi^ 1-bit 3]*l^Bl* M-Hf^flJL MUX^ 2-input multiplexer* 4 

7>^}cf. pj/srj # 3? aj/vi 2r-§- #7] £ 4S} S^-jH ^Sfl^Hr ^-g-i: tr4. 

<29> ojAj- ^ *V W><4 ^-O] S 1^- £ ^-^4 ^Hflo] ^ ul ^ ^ojcf. 

<so> [je. 1] 

<31> H-^71^ <£*V7}2) ^ alHa 





Brunner 


Guo 




^^^(l/cycles) 


l/2m 


l/m 


l/2m-l 


Tjl^l^^l ^-(cycles) 


2m 


5m-4 


2m- 1 




Tzero - detector + 2Tand2 
+ 2T X or + 2T MUX 2 


T AND2 + 3T X 0R2 + 
TMUX2 


2T AND2 + 3T X 0R2 + T X 0R2 




AND 2 : 3m + log 2 (m + 1) 
X0R 2 : 3m + log 2 (m + 1) 
FF : 4m + log 2 (m + 1) 
MUX 2 : 8m 


AND 2 : 16m -16 
X0R 2 : 10m -10 
FF : 44m -43 
MUX 2 : 22m - 22 


AND 2 : 3m + 7 
X0R 2 : 3m + 1 
0R 2 : 2 
FF : 5m + 2 
MUX 2 : 3m + 2 




110m + 181og2(m +1) 


608m - 432 


88m + 84 






4*4 





<33> ANDj : i -input AND gate 

<34> XORj : i -input X0R gate 

<35> ORi : i -input OR gate 

<3e> MUXj : i-to-1 multiplexer 
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<37> T AN Di : # 7fl ANDj gate* #4^1 £ 

<38> T X0 Ri : & 7H XORj gate* *tr #^1<2 *m 

<39> T MU Xi : *r 711 MUXj gate* -f-*> -¥-**l£ 

<40> Tzero-detector : log2(m +l)-bit zero-detector St\ *l^*1<?i 

& ui *l-g-*>*l -B-tr^s GF(2 m )^ <^<47l §^ ^ s.i-a- A>.g- 

M*l n Jr, ^^-i: °l-B-*>^ ^fls} §^ g M-tc^ atf ^f-§-^ €-3-7} 147} SX^b. 

5. infE ? f£i| ^ #^171714 ^ ^ <£3-g- A^fe -§-g-i-^ Al^Efl r^ofl 

nfl^- H7 1 m ofl tfl*}cr| 5i-*V^ -fr^-g- 7}7)7| nfl^-ofl -f|-^ = GF(2 m 

^#^^7lS 4°o^f7ll %-g-S|fe Jl47> XIAES #JL^ Al^Efl^- ol-g-^ ^lAV^Aj- 

"11 ^ -H-g-tr %°]t±. 



14-10 



# 



XTO20030007226 2003/11/18 
[$^« 11 

(2) 2}-; §^ £ ^r^^H 31*1 ^HSJM iw ^ ^^0.5. ol**Hr 

(3) ^-; pi/sri & ^ ai/vi ^H* S*)^-(1)S ^^JI V&-§- 7\]*V*}$=: 
uv-l-^(4)sq-; #41 ^ M-^^# *>=fll<HS. ^*8*K£4S. ^-71 RS-#^(2), sr~M 
Jf(3), UV-l-^(4)^ ^A*l ^H^!J:-& ^*Rr ^Hl- ^^-(l)S oj^^l 3°. ^10 



14-11 




_ 0030007226 

[Ml 

[£ 1] 

MSB-first Multiplication algorithm Over 
GF(2 m ) 

Input : AOd. B(xl G(x) 

Output : P0c)=A0c)B(x) mod G(x) 

1. afc VL "=Ofe , for 0<k<m-l 

2. a-i KV =Q , for l<f<m 

3. p* u '=0 , for 0<fc<m-l 

4. for i = 1 to m do 

5. f or /c = m - 1 down to 0 do 

(. Pk -Ok Oi-l+Pk 

8, end 

9, end 

10, P0c) = p m (x) 

[£ 2] 

New Division Algorithm Over GF(2 m ) for VLSI 

Implementation 
Input: G(x), A(x), B{x) 
Output: V has P(x)=A{x)/B{x) mod G(x) 
Initialize: R*B{x), S=G*G{x), U~A{x) x ^0, 
counted, state-Q 

1. for i = 1 to 2m do 

2. if state =~ 0 then 

3. count = corinfi-l; 

4. if rn 1 then 

5. (S. R)=(R f R+S)\ (V t UMU, U+V)\ 

6. state - 1; 

7. end if 

8. else 

9. count = count- 1', 

10. if rn — 1 then 

11. (5 f tfMS. C7)=(V r , U+V)\ 

12. end if 

13. if count -=> 0 then 

14. state = 0; 

15. end if 

16. end if 

17. = i?/x; 

18. if uo == 0 then 

19. C7 = f/A; 

20. else 

21. £7 = (U+G)/x\ 

22. end if 

23. end for 
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